Sexual maturation and somatic growth cessation are associated with adolescent development, which is precisely controlled by interconnected neuroendocrine regulatory pathways in the endogenous endocrine system. The pituitary gland is one of the key regulators of the endocrine system. By analyzing the RNA sequencing (RNA-seq) transcriptome before and after sexual maturation, in this study, we characterized the global gene expression patterns in zebrafish pituitaries at 45 and 90 days post-fertilization (dpf). A total of 15 043 annotated genes were expressed in the pituitary tissue, 3072 of which were differentially expressed with a greater than or equal to twofold change between pituitaries at 45 and 90 dpf. In the pituitary transcriptome, the most abundant transcript was gh. The expression levels of gh remained high even after sexual maturation at 90 dpf. Among the eight major pituitary hormone genes, lhb was the only gene that exhibited a significant change in its expression levels between 45 and 90 dpf. Significant changes in the pituitary transcripts included genes involved in the regulation of immune responses, bone metabolism, and hormone secretion processes during the juvenile-sexual maturity transition. Real-time quantitative PCR analysis was carried out to verify the RNA-seq transcriptome results and demonstrated that the expression patterns of the eight major pituitary hormone genes did not exhibit a significant gender difference at 90 dpf. For the first time, we report the quantitative global gene expression patterns at the juvenile and sexual maturity stages. These expression patterns may account for the dynamic neuroendocrine regulation observed in body metabolism.
Introduction
The pituitary gland is a central endocrine gland that regulates the function of other organs and responds to the hypothalamic centers involved in processing external and internal stimuli. The pituitary gland of teleost fish is unique among that of vertebrates in that it lacks a hypothalamic-pituitary portal system. The teleost anterior pituitary is directly innervated by nerve fibers from the hypothalamus. This represents the magnificent manifestation of all the fundamental physiological processes directly linked to the survival of fish across a great range of environments, including their somatic growth, gonadal maturity, reproductive functions, appetite, and stress responses (Trudeau et al. 2000 , Wong et al. 2006 , Kurata et al. 2012 .
The pituitary gland of teleost fish synthesizes and secretes various peptide hormones, including growth hormone (Gh), proopiomelanocortin (Pomc), prolactin (Prl), somatolactin (Smtl), thyroid-stimulating hormone (Tsh), luteinizing hormone (Lh), and follicle-stimulating hormone (Fsh) . Each of the pituitary hormones is released into the bloodstream and acts on different target organs to strictly regulate a variety of biological activities, thereby maintaining physiological homeostasis, growth, and reproduction (Lohr & Hammerschmidt 2011 , Perez-Castro et al. 2012 . Many of these peptide hormones are synthesized as inactive precursors, which when converted to their mature forms by proteolytic enzymes generate a large diversity of bioactive proteins and peptides. A family of the proprotein convertases (PCs) actively participates in the generation of such molecular diversity (Morash et al. 2009 ). Moreover, the expression, synthesis, and secretion of these hormones are regulated by neuroendocrine feedback systems (Canosa et al. 2007 , Martyniuk et al. 2012 . Genes expressed in the pituitary gland have also been identified in some gene profiling studies carried out previously with microarray or RT-PCR analyses (Kappeler et al. 2003 , Zhang et al. 2009 ). It is likely that a large number of genes, not just the classical pituitary hormones, are essential for the endocrine homeostatic systems of the pituitary gland (Perez-Castro et al. 2012 ). However, due to the disadvantages and limitations of the techniques employed in previous transcriptome analyses, global gene profiles of the animal pituitary typically lack comprehensiveness and accuracy.
Zebrafish (Danio rerio) is one of the commonly used vertebrate model organisms in developmental biology with high-quality genetic information. Despite the vast emergence of available information, very little work has been carried out to evaluate zebrafish as a model species for somatic growth studies, including applications to aquaculture (Lohr & Hammerschmidt 2011) . Zebrafish is phylogenetically closer to the farmed cyprinid fish species than any other vertebrate model, which makes it a useful organism to study the gene functions of aquaculture fish. All juvenile zebrafish develop an ovary-like structure (juvenile ovary), which will either develop into a definite ovary in females or transform into a testis in males around 45 days post-fertilization (dpf; Chen & Ge 2013) . It takes w3 months to reach sexual maturity (Clelland & Peng 2009) . Puberty is defined as the period that marks the transition from sexual immaturity to maturity. It has been suggested that the onset of ovary maturation in female zebrafish occurs at around 45 dpf (Chen & Ge 2013) . Under standard laboratory conditions, zebrafish normally exhibit a growth burst stage within 9-51 dpf, coinciding with the critical stage of their sex differentiation. Their growth rates usually significantly decrease after 65 dpf (Gomez-Requeni et al. 2010) . Numerous gene expression profiling studies have been carried out using different organs or tissues, but very few studies have addressed questions on the developmental changes in pituitary gene expression due to maturation and somatic growth processing in zebrafish.
Identification of actively transcribed genes is fundamental to the understanding of the function, molecular events, and physiology of specific tissues. Somatic growth is directly regulated by the endocrine somatotropic axis, where Gh functions as a major secreted component within the pituitary gland (Lohr & Hammerschmidt 2011 , Perez-Castro et al. 2012 . To understand the expression and production of hormones by the pituitary gland, orchestrated by changes in physiological homeostasis during the growth burst stage and the adult slow somatic growth stage, in this study, we dissected pituitaries of zebrafish at 45 and 90 dpf and carried out a global transcriptome analysis on them using the RNA-seq technique. The results of this analysis provide a global view of the transcriptional features in the zebrafish pituitary in correlation with the transition from the juvenile stage to the sexual maturity stage. Thus, the present study provides an increased mechanistic understanding of the gene networks that are involved in the endocrine somatotropic axis in the teleost pituitary during development.
Materials and methods

Animals and sampling
The WT AB strain of zebrafish was inbred for 8 years in our laboratory following the procedure described previously (Westerfield 2000) . Zebrafish were maintained in dechlorinated tap water at 28.5 8C in a 14h light:10h darkness photoperiod and fed three times a day with brine shrimp. All the animal protocols were approved by the Institute Research Board (IRB) of the Institute of Hydrobiology, Chinese Academy of Sciences (no. IHB2012005). Under these conditions, most of the zebrafish reached sexual maturity in our laboratory. Approximately 300 pituitaries were obtained from juvenile zebrafish at 45 dpf, as described previously (Toro et al. 2009 ). An additional 200 pituitaries were dissected from adult zebrafish at 90 dpf. All the dissected pituitaries were transferred into RNAlater solution (Ambion, Thermo Fisher Scientific, Waltham, MA, USA) immediately after dissection. Pituitaries were collected from both male and female zebrafish. Owing to the labor-intensive work and sequencing costs, samples were not prepared for different replicates before mRNA-seq library construction. However, the use of a large number of pituitaries (w200-300 per stage) enabled us to assay the average expression profile of each gene across different biological individuals.
In addition, 60 pituitaries from juvenile zebrafish at 45 dpf, 30 pituitaries from female adult zebrafish at 90 dpf, and 30 pituitaries from male adult zebrafish at 90 dpf were collected as samples for quantitative real-time PCR.
RNA isolation and preparation for RNA-seq
Total RNA was isolated from pituitary tissue using the RNeasy Mini Kit (Qiagen) according to the manufacturer's instructions. The sample was then treated with RNase-free DNase I (Promega). RNA concentrations were determined using Qubit 2.0 (Life Technologies, Thermo Fisher Scientific), and RNA size and integrity were ensured by analyzing the samples on a 1.5% (w/v) agarose gel using the Agilent 2100 Bioanalyzer (Agilent, Palo Alto, CA, USA). To avoid amplification of the RNA samples, the amount of total RNA for each sample should be more than 4.0 mg with the RNA integrity number (RIN) O8.0. Poly-A-containing mRNA was further isolated using the PolyATract mRNA Isolation System (Promega) from each of the total RNA samples. RNA fragments were converted into first-strand cDNA using reverse transcriptase and random primers, followed by second-strand cDNA synthesis using DNA polymerase I and RNase H. After the end repair process and adapter ligation step, the products were purified and amplified using PCR to generate the final cDNA libraries.
Transcriptome analysis
A total of 95 base sequences were obtained by sequencing using Illumina HiSeq 2000. The sequencing-received raw image data were transformed by base culling into sequence data. Before mapping the reads to the reference database, all the sequences were filtered to remove adaptor sequences and low-quality sequences. The remaining reads were aligned to the zebrafish genome using SOAPaligner/soap2, allowing up to two base mismatches. All the reads were aligned against the zebrafish genome assembly version 9 (Zv9; http://www.sanger.ac.uk). The normalized gene expression level was separately calculated as reads per kilobase of mRNA length per millions of mapped reads (RPKM) for each library. This facilitated the comparison of the transcript levels between the samples. The cutoff value for determining the gene transcriptional activity was determined based on a 95% CI for all the RPKM values for each gene. Gene ontology (GO) functional enrichment analysis was carried out using Blast2GO (version 2.3.5; http://www.blast2go.org/). KEGG pathway analysis was carried out using the Cytoscape Software (version 2.6.2; http://www.cytoscape. org/) with the ClueGO plugin (http://www.ici.upmc.fr/ cluego/cluegoDownload.shtml).
RT-PCR and quantitative real-time PCR
To carry out further analyses of sexually dimorphic gene expression in the pituitary gland, the expression levels of mRNAs of six major hormones were determined in the pituitaries of juveniles, adult males, and adult females using RT-PCR. Briefly, total RNA was converted into firststrand cDNA using the RevertAid First Strand cDNA Synthesis Kit (Fermentas, Thermo Fisher Scientific) with oligo-dT primers. PCRs were then carried out in a 20 ml reaction mixture containing 10 ml of SYBR Green Real-time PCR Master Mix Plus (Toyobo, Osaka, Japan), 0.25 mm each of forward and reverse primers, and 1 ml of cDNA sample. The relative abundance of mRNAs was calculated using the comparative cycle of threshold method with b-actin1, bactin2, and ribosomal protein L13a (rpl13a) mRNAs as triple internal standards. These measurements were performed in triplicate and had a coefficient of variation !5%. First, the expression levels of the target genes were normalized to those of the three internal controls, b-actin1, b-actin2, and rpl13a, within each sample. Then, to compare the relative expression levels of the major pituitary hormones in the pituitary samples obtained from adult fish with those in the samples obtained from juvenile fish, target gene expression levels at the juvenile stage were set to 'onefold'. Pairwise comparisons between pituitary samples obtained from adult fish and those obtained from juvenile fish were recorded as fold changes (meanG S.E.). The primers used are listed in Table 1 . The levels of gene expression were measured with three independent biological replicates for each condition, and each biological replicate sample was run with three technical replicates.
Results
RNA-seq of the zebrafish pituitary transcriptome
For RNA-seq of the zebrafish pituitary transcriptome, 300 pituitaries were dissected from zebrafish at 45 dpf (P45 group) and 200 pituitaries from zebrafish at 90 dpf (P90 group). The total RNA yields for each group were 4.35 mg (P45) and 4.52 mg (P90), with RIN values of 8.6 and 8.2 respectively. After generation of cDNA samples for the P45 and P90 groups, a total of w99 million, 95-bp double-end reads were generated. Among the raw reads, w38 million (P45 sample) and 36 million (P90 sample) reads were mapped to the zebrafish reference sequence. A cutoff value of 1.0 RPKM was established for either of the pituitary samples to evaluate the relative abundance levels of transcripts that were considered for further analysis. In both pituitary samples, a total of 15 043 annotated genes were present at above 1 RPKM. Among them, 12 579 genes were expressed in both the P45 and P90 samples. In addition, 1909 genes were expressed in the pituitary gland only at 45 dpf and 555 genes only at 90 dpf (Fig. 1) . The annotation of these expressed genes was achieved using BLASTN similarity searches against the Ensembl zebrafish RefSeq mRNA database (Version danRer 7, Supplementary Tables 1 and 2, see section on supplementary data given at the end of this article).
Identification of differentially expressed genes in the pituitaries at the juvenile and sexual maturity stages To identify the differentially expressed genes, the transcriptome data of zebrafish pituitaries were analyzed using previously described methods (Audic & Claverie 1997) . The cutoff value for comparison was established at 1.0 RPKM for the transcripts in either the P45 or P90 sample. The criteria of a twofold or greater change in expression and P value !0.05 (cutoff at a 1% false discovery rate) were chosen to determine significant differences in expression. Using these criteria, a total of 3071 genes were found to be significantly differentially expressed, including 586 upregulated genes and 2485 downregulated genes in the P90 sample (Supplementary Table 3 , see section on supplementary data given at the end of this article). The results of the GO analysis (by GOView.html) and KEGG pathway analysis indicated that the differentially expressed genes were highly related to focal adhesion, extracellular matrix-receptor interaction, and protein binding (Supplementary Fig. 1 ).
Transcriptional levels of the major zebrafish pituitary hormones before and after sexual maturity
The sum of the RPKM values of the ten transcripts with the highest RPKM in the pituitary samples comprised 47.34 or 51.73% of the sum of all transcripts in the P45 or P90 sample respectively. Among the top ten most abundant transcripts, gh was the most highly expressed one in both the P45 and P90 samples. The RPKM of the gh gene alone in the P45 and P90 samples contributed to w32.96 and 26.80% of the sum of the RPKM values of the total transcripts in the P45 and P90 samples respectively. However, the expression levels of gh only decreased by w19.7% in the pituitary gland from 45 to 90 dpf (Table 2) . In addition to those that were among the top ten transcripts, the other major pituitary hormone transcripts, including glycoprotein hormones a-polypeptide 1 variant b (cga-1b), Smtlb (smtlb), TSHb-subunit (tshb), and FSHb-polypeptide (fshb), are summarized in Table 2 . Among these, only the expression levels of lhb (2 2.38 -fold) and cga-1b (2 1.36 -fold) were significantly higher at 90 than at 45 dpf (Fig. 2, Table 2, and Supplementary Table 3) . 
Comparison of the differential expression of identified genes in the pituitaries at 45 and 90 dpf. The number in the overlapped region represents the annotated genes that were significantly expressed (O1.0 RPKM) in both samples. The numbers in the nonoverlapped regions represent the annotated genes that were significantly expressed (O1.0 RPKM) in only one of the samples.
The relative expression levels of ribosomal proteins and mitochondrial proteins in the total transcript pools remained nearly unchanged in the P45 (13.02 and 11.60%) and P90 (12.60 and 11.53%) samples (Table 2) . Similar trends were also observed in the relative levels of the total major pituitary hormone transcription in the P45 (40.34%) and P90 (44.08%) samples (Table 2) . However, the relative percentages of lhb and cga-1b transcripts in the pool of the major pituitary hormone transcripts were significantly higher at 90 than at 45 dpf ( Table 2) .
Identification of additional differentially expressed secreted signaling molecules in the pituitaries at juvenile and adult stages
The pituitary gland produces and releases many endocrine hormones, growth factors, and cytokines. Hormone secretion by the pituitary gland is also regulated by secreted factors via bloodstream input (Perez-Castro et al. 2012) . We next identified additional secreted molecules or receptors that were differentially expressed in the pituitary gland.
The expression levels of all the highly abundant secreted protein genes (O100.0 RPKM for those in either the P45 or P90 sample) are summarized in Table 3 . Among the major secreted molecules and the molecules involved in the processing of protein secretion, only secretogranin III (scg3), thymosin-b 15a (tmsb15a), neuromedin S (nms), ependymin (epd), secreted acidic cysteine-rich glycoprotein (sparc), secretory calcium-binding phosphoprotein 7 (scpp7), secretogranin V (scg5/7B2), and granulin 1 (grn1), in addition to lhb and cga-1b, were significantly differentially expressed in the pituitary gland from 45 to 90 dpf. Among these genes, the expression levels of scg3, nms, scg5, and grn1 were significantly increased, while those of tmsb15a, epd, sparc, and scpp7 decreased significantly from 45 to 90 dpf (Table 3) .
Some transcription factors (TFs), such as Rathke's pouch homeobox (Rpx), pituitary homeobox 3 (Pitx3), LIM-homeobox-3 (Lhx3), Lhx4, T-box transcription factor Table 3 .
(Tbx19), Islet1 (Isl1), POU domain, class 1, transcription factor 1 (Pou1f1), prophet of Pou1f1 (Prop1), GATAbinding protein 2 (GATA2), Sry-box-containing gene 2 (Sox2), and Sox3, regulate the promotion and determination of the pituitary cell lineages. These TFs have also been suggested to be the key regulators of the modulation of pituitary hormone gene expression (Cohen & Radovick 2002 , Pfaffle & Klammt 2011 . However, the expression patterns of these TFs did not exhibit significant changes between 45 and 90 dpf (Supplementary Table 3 ). Among the critical signaling molecules identified in the early developmental processing of the pituitary gland, only the expression levels of the steroidogenic factor 1 (sf1 or nr5a1) changed significantly between 45 and 90 dpf (Cohen & Radovick 2002 , Pfaffle & Klammt 2011 ; Table 4 ). Our analyses revealed the presence of a number of PC subtilisin/kexin type (pcsk) transcripts, including pcsk1, pcsk2, pcsk5, pcsk5b, pcsk6, and pcsk7, in the pituitary tissue samples at both 45 and 90 dpf (Supplementary Tables 1  and 2 ). Among these pcsk transcripts, pcsk2 was highly abundant (Supplementary Tables 1 and 2) , and only pcsk5 exhibited significantly different expression levels between 45 and 90 dpf (Supplementary Table 3 ). Moreover, highly abundant transcripts of genes involved in protein secretion or PC activity regulation, such as scg3, scg5, and pcsk1 inhibitor, like (pcsk1nl or proSAAS), were found in the pituitary tissue samples. Scg3 is a secretory protein involved in protein secretion, although no clear biological function has been found in a mammalian animal model (Bartolomucci et al. 2011 ). Pcsk1n is a specific endogenous inhibitor of Pcsk1, which may inhibit the convertasemediated processing of Pomc and proenkephalin (Kudo et al. 2009 Figure 2 Expression profiles of the ten transcripts with the highest RPKM and major pituitary hormone transcripts during the transition from the juvenile to the sexual maturity stage. The ten pituitary transcripts with the highest RPKM in the pituitary gland at the juvenile stage were growth hormone (gh), mitochondrial cytochrome c oxidase II (mt-coII), proopiomelanocortin a (pomc), mitochondrial cytochrome c oxidase I (mt-coI), glycoprotein hormones, a-polypeptide 1 variant a (cga-1a), mitochondrial cytochrome c oxidase III (mt-coIII), luteinizing hormone b-polypeptide (lhb), mitochondrial ATP synthase 6 (mt-atp6), prolactin (prl), and hemoglobin-a adult-1 (hbaa1). The other major pituitary hormone transcripts included glycoprotein hormones, a-polypeptide 1 variant b (cga-1b), somatolactin-b (smtlb), thyroid-stimulating hormone, b-subunit (tshb), and folliclestimulating hormone, b-polypeptide (fshb). The only two significant changes between the transcriptional levels at the two stages are labeled with a red arrow ([).
processing (Bartolomucci et al. 2011) . The expression levels of Scg3 and Scg5 were significantly higher at 90 dpf than at 45 dpf (Table 3) . We found an additional 64 transcripts of various hormones, growth factors, cytokines, receptors, and molecules known to be involved in prohormone processing, such as gonadotropin-releasing hormone receptor 2 (gnrhr2), androgen receptor (ar), progesterone receptor (pgr), estrogen receptor 1 (er1), er2b, glutamate receptor, ionotropic, d-1 (grid1), galanin prepropeptide (gal), dopamine receptor D1 (drd1), osteoglycin (ogn), insulin-like growth factors (igfs), interleukin 2 (il2), and platelet-derived growth factor-a (pdgfa), transforming growth factor-b (tgfb), and follistatin (fst), which were each significantly altered in the pituitary gland during the transition from the pubertal to the adolescent stage (Table 4) .
Quantitative-PCR analysis of sexually dimorphic expression of the pituitary hormone genes
Pituitary tissue samples were collected from juvenile zebrafish (45 dpf, gender not distinguishable) and adult male or female zebrafish at 90 dpf. Total RNA was collected for experimental measurement of the expression patterns of the six major pituitary hormones. Real-time quantitative PCR (q-PCR) analysis was carried out with b-actin2, b-actin2, and rpl13a as triple internal controls within each sample. As shown in Fig. 3 , only lhb exhibited clear increased expression levels in the pituitaries of both adult male and female fish. The results also revealed sexually dimorphic gene expression profiles of the eight major hormones in the pituitaries of adult fish, but not a significant gender-specific difference.
Discussion
Zebrafish grow rapidly from birth to w50 dpf when most individuals begin to allocate part of their dietary energy intake to sexual maturation, which coincides with a decrease in growth rates (Gomez-Requeni et al. 2010) . The pituitary gland is a key regulator of body homeostasis during development. A few studies have examined pituitary gene expression during early developmental stages (Brinkmeier et al. 2009 , Toro et al. 2009 ). Highthroughput RNA-seq has enhanced our ability to perform transcriptome analyses at a far higher resolution than current Sanger sequencing-and microarray-based methods. Using the RNA-seq technique for the teleost pituitary transcriptome analysis, this study is the first to demonstrate that the sum of the eight major pituitary hormone mRNAs is equivalent to w40% of the mRNA population in the pituitary gland at both juvenile and sexual maturity stages. The relative levels of the sums of the secreted signaling molecules, ribosomal proteins, and mitochondrial proteins remained consistent at 45 and 90 dpf (Table 2 ). This suggests that it may not be the drastic changes, but the relative ratios of the secreted signaling molecules in combination in the pituitary gland that are associated with the transition from the juvenile to the sexual maturity stage. All the master endocrine glands and orthologs for nearly all the mammalian endocrine peptides have been identified in teleosts (Zohar et al. 2010 , Kim et al. 2011 , Lohr & Hammerschmidt 2011 . However, the functional and anatomical correlations between many teleost and mammalian endocrine signals are still unclear. Our data indicated that the levels of gnrhr2, lhb, and gonadal steroid receptors, such as ar, pgr, er1, and er2b, were significantly higher in the pituitary gland of adult zebrafish (Table 4) .
Unlike in the case of mammals, it has been suggested that lhb expression in teleosts could also be directly regulated at the pituitary level by a series of neuroendocrine factors (Wong et al. 2006 , Lohr & Hammerschmidt 2011 . In addition to the observed expression patterns of the core hormone signaling molecules in the hypothalamicpituitary-gonadal (HPG) axis, the expression levels of several other relevant neuroendocrine signaling molecules, including grid1, gal, and drd1, were also significantly elevated in the pituitary gland of adult zebrafish (Table 4) . These are associated with Lhb production in mammals and/or fish (Flett et al. 1994 , Wang et al. 2011 , Garcia-Galiano et al. 2012 , Fontaine et al. 2013 . Our observations indicate that these signaling molecules might also be involved in the regulation of Lhb production in the zebrafish pituitary gland during the juvenile-sexual maturity transition.
In mammals, GH production is mainly under the dual control of GH-releasing hormone (GHRH) and somatostatin (SST) signals (Perez-Castro et al. 2012) . Development from the juvenile to the sexual maturity stage marks the transition from a state of rapid body growth to a state of slow somatic growth (Gomez-Requeni et al. 2010) . Unexpectedly, the transcriptional levels of gh in the pituitary gland remained the highest among the pituitary transcripts without a significant change at 45 and 90 dpf (Table 2 and Fig. 3 ). To understand the transcriptional regulation of gh in the pituitary gland, we analyzed the expression profiles of related signaling molecules. First, some significant changes in the expression levels of neuropeptide signaling molecules known to regulate gh expression, such as SST1, tandem duplicate 1 (sst1.1), neuropeptide Y (npy), and cholecystokinin (cck), were observed between the pituitaries at 45 and 90 dpf (Perez-Castro et al. 2012 , Wong et al. 2006 . However, these expression levels were relatively low (!4.0 RPKM, Supplementary Tables 1, 2 and 3) . Lastly, virtually no reads of the ghrelin receptor were observed. Taken together, these results do not reveal a clear role of these factors in the regulation of gh transcription in the pituitary gland during this process. It has been demonstrated that changes in the gonadal steroid environment dramatically alter the patterns of GH secretion pulsatility from the pubertal stage to the adolescence stage in mammals. Therefore, the pulsatory patterns of Gh secretion, and not the transcriptional levels of gh, determine the levels of Gh in the plasma. Thus, gonadal steroids are the main factors that regulate the patterns of GH secretion (Sanchez-Cardenas et al. 2010) . It has also been reported that sex steroids and some neurotransmitters, such as dopamine and glutamate, regulate Gh levels in fish sera (Wong et al. 2006 , Canosa et al. 2007 . In the present study, neither a significant stage-nor sex-specific difference in the transcriptional level of gh was observed (Figs. 2 and, 3, and Table 2 ). However, as shown in Table 4 , the transcriptional levels of the gonadal steroid receptor, dopamine receptor, and glutamate receptor in the pituitaries changed significantly between the two stages examined, suggesting that the process of synthesis or secretion of Gh may be mainly regulated by gonadal steroids and some neurotransmitters in adult fish. In addition to those in the HPG and somatotropic axes, we also found several significant changes in factors involved in the regulation of prohormone processing, immune responses, bone metabolism, and homeostatic control in the pituitary during the juvenile-sexual maturity transition. The expression levels of Scg3 and Scg5 were significantly higher at 90 than at 45 dpf (Table 3) , indicating the active modulation of prohormone modification and endoproteolytic processing in the pituitary gland of adult zebrafish (Bartolomucci et al. 2011) . Thymosins are important in the regulation of thymus development and in the induction of T-cell differentiation, both of which are vital for the immunological responses of organisms (Li et al. 2010) . The transcriptional level of tmsb15a in the pituitary gland was dramatically decreased at 90 than at 45 dpf (Table 2) . Sparc, scpp7, and ogn are important humoral bone anabolic factors involved in bone mineralization, formation, and remodeling (Choi et al. 2008 , Delany & Hankenson 2009 , Tanaka et al. 2012 . The expression levels of these three transcripts decreased significantly from the juvenile to the sexual maturity stage (Table 2 ) and might be involved in the regulation of skeletal development and growth after sex maturation. Pituitary transcriptome analyses also provide an opportunity to understand the molecular events that contribute to the homeostatic control of pituitary cell growth. Several factors produced locally with an effect on pituitary cell proliferation have been identified. Among these factors, igfs, il2, and pdgfa promote pituitary cell proliferation (Table 4) . By contrast, tgfb and fst inhibit the proliferation of specific cell populations in the pituitary gland (Wong et al. 2006 , Saitoh et al. 2010 , Perez-Castro et al. 2012 . The transcriptional levels of these factors were significantly decreased in the pituitary at 90 dpf. In addition, a significantly lower level of the proliferating cell nuclear antigen (pcna) at the adult stage also indicated a decline in the proliferative index of the pituitary gland of adult zebrafish during the onset of adolescence (Table 4) .
Profound gender differences exist in several aspects of the endocrine axes (Nishida et al. 2005 , Sanchez-Cardenas et al. 2010 . Thus, exploration of sexual dimorphic expression of the major hormones in the pituitary gland may help to understand the physiological regulation of growth metabolism in adult fish. Owing to the tiny size of the zebrafish pituitary, it is difficult to obtain a sufficient amount of total RNA from adult males and females separately for RNA-seq. Sexually dimorphic expression analyses on the pituitary tissue samples of adult fish were carried out using q-PCR. Among the six pituitary hormone genes, lhb was the only transcript with a significant change in expression pattern during the transition from the juvenile to the sexual maturity stage in zebrafish. These q-PCR analysis results were consistent with the RNA-seq analysis results. The q-PCR analysis data indicated that the six major pituitary hormone transcripts were differentially expressed to various degrees in adult male and female fish. However, there was no significant gender difference in the expression levels of each hormone transcript in the pituitary gland of adult fish (Fig. 3) . Taken together, these results suggest that the functional regulation of the sexually dimorphic responses in the pituitary gland of adult fish might be mainly associated with the mechanisms of hormone modification and secretion through transcription-independent manners.
At the transcriptional level, characteristic changes included the transcriptional spurts of gonadotropin Lhb and gonadal steroid receptors during development. Our current studies focus only on gene expression profiling. It would be intriguing to carry out further integrative studies using other technical platforms, such as genetics and proteomic techniques. These would provide direct and comprehensive views of the dynamics and regulation of the biosynthesis and secretion of pituitary hormones. Further analyses of these and related pathways are expected to shed light on the intricacies of one of the most complex and intriguing developmental phenomena.
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